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INTRODUCTION

Nonmagnetic and magnetic fractions of heavy-mineral concentrates and the 
less-than-180-ym fraction of stream sediments from a geochemical survey of 
the Tushar Mountains and adjoining areas, Marysvale volcanic field, west- 
central Utah, were analyzed to evaluate the distribution of trace elements. 
Geochemical maps showing the distribution of trace elements associated with 
ore deposits were constructed for the nonmagnetic fraction (Miller and others, 
1983a), the magnetic fraction (Miller and others, 1983b), and the less-than- 
180-ym fraction (Miller and others, 1983c).

The purpose of this report is to describe the sample collection and 
analytical methods, and to provide a complete listing of analytical data for 
each sample location shown on these geochemical maps. The data in this report 
and the associated geochemical maps are part of the basic data set of the 
Marysvale volcanic field. The set includes a full-color map of the geology 
(Cunningham and others, 1983a), and related maps showing the distribution of 
argil!ically and advanced argillically altered rocks and principal hydrothermal 
quartz and alunite veins (Cunningham and others, 1983b), complete Bouguer 
gravity contours (Cook and others, 1983); and aeromagnetic contours (Campbell 
and others, 1983).

SAMPLE COLLECTION AND PREPARATION, AND ANALYTICAL TECHNIQUES

Samples of stream sediments were collected from small, normally unbranched, 
stream drainages which range from 1.7 to 3.3 km (1-2 mi.) in length. Sample 
density in most of the area was one sample per 8 km2 (1 sample per 3 mi 2 ), but 
was more detailed in the vicinity of the Mount Bel knap caldera. Composite 
samples were collected at each site, where four or five individual samples were 
taken across and along the active stream channel. The geochemical sampling was 
carried out by W. R. Miller, G. K. Lee, 0. F. Guadagnoli, J. B. McHugh, L. 
DiGuardia, and R. E. Tucker in the summers of 1980 and 1981.

Stream-sediment samples were first concentrated at the sample collection 
site by panning to reduce the amount of common rock-forming minerals, such as 
quartz and feldspar. The panned concentrates were dried and sieved to less 
than 18 mesh (1.00 mm), and the magnetite was removed with a hand magnet. The 
remaining concentrate was then separated using bromoform (specific gravity 
2.86) into a light and a heavy fraction. The light fraction, which contained 
mostly quartz and feldspar, was not used further. The heavy fraction was 
separated electromagnetically with a Frantz Isodynamic Separator using a 
forward and side-angle setting of 15 degrees, and a 0.2-ampere setting. The 
magnetic fraction at 0.2 amperes was not used further. The nonmagnetic 
fraction was then separated electromagnetically into nonmagnetic and magnetic 
fractions at a setting of 0.6 amperes and these were the nonmagnetic and 
magnetic fractions analyzed for this report.

A separate sample of the stream sediments was collected at the site, and 
sieved to less than 80 mesh (180 ym). This was the fraction analyzed and 
reported as the less-than~180-vim fraction. Each sample was analyzed 
semiquantitatively for 30 elements by a six-step, D.C. arc, optical emission 
spectrographic method (Grimes and Marranzino, 1968). Au, Cd, Sb, W, and Th in 
the less-than-180-ym fractions of stream sediments were not detected in any of 
the samples and do not appear in the tables. All values are reported as six 
steps per order of magnitude (1, 0.7, 0.5, 0.3, 0.15, or multiples of 10 of
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these numbers) and are approximate geometric midpoints of the concentration 
ranges. The precision is shown to be within one adjoining reporting interval 
on each side of the reported value 83 percent of the time and within two 
adjoining intervals on each side of the reported value 96 percent of the time 
(Motooka and Grimes, 1976).

The high content of iron, titanium, and zirconium in the heavy-mineral 
concentrates made it necessary to modify the Grimes and Marranzino (1968) 
technique by mixing the sample with equal amounts of spectrographically pure 
quartz to reduce spectral interferences. Consequently, the lower limits of 
determination are double those of the normal procedure, except for Ag, As, Bi, 
Mo, Sb, Sn, W, and Th. When traces of these elements were observed but were 
below the detection limit, the reported value was extrapolated down to the 
next reporting interval.

The spectrographic analyses were supplemented for samples of the less-than- 
180-ym fraction of stream sediments by U and Th analysis using delayed neutron 
activation (Millard, 1976).

RESULTS AND DISCUSSION

The results of analyses for 27 elements from the nonmagnetic fraction and 
the magnetic fraction of heavy-mineral concentrates, and 24 elements from the 
less-than-180-ym fraction of stream sediments are tabulated in tables 1, 2, 3, 
and 4, and shown graphically in figures 1, 2, and 3. The maximum and minimum 
values, geometric mean and geometric deviation of the analytical data are in 
tables 5 and 6.

The Fe, Mg, Ca, and Ti values in tables 1, 2, 3, and 5 are reported in 
percent and all other elements are reported in parts per million (ppm). Other 
symbols shown in tables are as follows: N, not detected; <, amount is below 
the lowest limit of determination which is shown; and >, amount is above the 
highest limit of determination, which is shown. The values of U and Th reported 
in table 4 are in parts per million.

Stream sediments provide samples of rocks and minerals from the basin above 
the sample collection site, and the different fractions of these samples that 
were analyzed are designed to enhance distinguishing different elements. The 
less-than-180-ym fraction generally contains a high proportion of clay and 
common rock-forming minerals such as quartz and feldspar. Trace elements that 
tend to concentrate in this fraction are those that adhere to the surface of 
clay particles and generally were mobilized from their original residences in 
the rock by weathering. The nonmagnetic fraction of stream sediments contains 
accessory rock minerals, such as zircon and apatite and most primary and 
secondary ore minerals such as sulfides, carbonates, and oxides. Anomalous 
concentrations of trace metals in this fraction generally indicate the presence 
of surface or near-surface mineralized rocks. The magnetic fraction of stream 
sediments contains mafic rock minerals such as biotite, amphibole, and 
pyroxene, and more importantly, both detrital and hydromorphic Fe and Mn oxides 
containing anomalous trace metals. Fe and Mn oxides commonly fill or coat 
fractures in the rock and may be abundant along or near mineralized faults. 
Anomalous trace-metal content of the magnetic fraction may indicate the 
presence of structurally controlled mineralized sources.
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Table 6.--Statistical summary of the delayed neutron activation analyses of 
U and Th in the less than 180 um fraction of stream sediments, Tushar 
Mountains and adjoining areas, Utah, H. T. Millard, analyst.

Element Minimum Maximum Geometric Mean Geometric Deviation

U 

Th

0.94 

2.87

251 

91.9

5.67 

2.07

2.32 

1.85
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Figure 1 . --Hi stogram of selected trace elements in the nonmagnetic
fraction of heavy mineral concentrates of stream sediments, Tushar 
Mountains and adjoining areas, Utah. Dashed line divides 2 n ?"a 
concentrations from background values.
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Û

O
 

N
) 

I
 
 

O

00 -5
 

en
<; 

o



68

PERCENT FREQUENCY

i 
i
o 
o
3

3' 

C 
CD 
O.

CO
o



06

N>

8

 ^1 
O

fO
o 
o

CO
o 
o

 ^1 
o 
o

o
o 
o

NJ
o 
o
c

PERCENT FREQUENCYPERCENT FREQUENCY
o o o

I \\ I r
penO 

O

CO _
zr o

j__N\i i
\



P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

CO
 

O
 

O
 

O

to
 

c -s i i O O Q
.

s M
 

O O to
 
o
 

o (Jl
 
o
 

o

S

H
 
8

8 
^

c
 
°

J
_
_
_
_
I
_
_
_
_
I



P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y
0

0 o

c -J fD o
 

o
N

vo
13 tr

 
fD Q

.

O 13 13

o
 

o 8 o en
 

o
 

o



P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

oo

T
I

c:
 

t 
e 

u»
 

O
 

O>
 

o
-5

 
13

 
-h

f^
j 

o
 

r^
j

C
~

t"
 

i 
 

-j
. 

O
> 

O
> 

1 
-v

l 
O

 
C

L
 

O
> 

1 
O

 
3

 
C_

«.
 
<

 
m

0
0
 

O
 

<
 <

 
->

  
-J

. 
O

O
 

__
.

-h
 

=J
 

3
 

rt
- 

o
 

-S
 

_
j. 

_
i. 

O
 

O
 

o
 

3
 

rs
 

CQ
3

 
C

Q
 

fl>
 

~"
S 

O
" 

o>
 

tt»
 

3
 

en

-s
c 

o>
 

o
 

-n
0
3
 

00
 

O
 

M
 

T
 
-
 

3
 

00
 

g
o

 
o

 
n>

c
 

c_
 r

o 
 
  

5
 

IT
 

E
l 

S
 

co
 

C
L 

ci»
 

<-
t 

O
 

Q
^
r 

-s
 

r+
 

C
D

 
o

 
<

 
. 

&
 

ro
 

>
>

CD
 

f-
t-

 
C

L
 

il
.

 
   

n>
 

2
 

en
 

c:
 

C
3 

oo
 

r-i
- 

/
 
 

o
O

) 
D

J 
-5

 
i-
 

0

. 
rr

 
-h

 
o

 
, 

ro
 

ro
 

-v
i

- 
  

ro
 

O
) 

<
j"

 
_»

 
rs

 
cu

 
3

 
o

 
0)

 
3

 
ro

 
g

C
L 

oo
 

r^
 

 
 i. 

O>
 

oo
 

_
, 

<
 

C
L 

U
J 

-i
. 

^
i.
 

-»
. 

^
 

C
L 

3
 

3
 

°
ft

) 
(T

) 
00

 
3

 
rt

- 
g
 

f"
" 

 
 ̂ 

^"
3

o»
 

oo
 

ro
 

o

0
3

3
 

-H
 

C^
 

g
 

QJ
 
c
 

cd
 

o
 

 
   

oo
 

rj
 

o

c:
 

o>
 

(-»
  

en
 

oo
 

-5
 
 
 '. 

o
 

<->
 

o
0
3
 

°
 

0
 

0
 

-+
, 

3
 

C
 

-5
 

--
J 

0
 

=3
 

D
J 

g
 

fU
 

rt
- 

O
 

o

Z3
 

O
 

0
oo

 
r»

 
g

c
n
o
c
n
o
t
f
 

o
o

§

1 
i 

1 
I 

H
 

I 
I

1 
I 

1 
1 

1 
^
 

1 
I

P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

§ 
S

33 C/
) 

-J
m
 
g

O
 

-

T) ~U
 

_
 

^
 

tn
s
 
8
r PE

RC
EN
T 

F
R
E
Q
U
E
N
C
Y

o
 

o

C
D

 

(/
>

^ C H
 

X ~O
 

T
)

^

2  v
l 

O 8

,'J
I _

i 
i 

Y>
 

1



PE
RC

EN
T 

F
R
E
Q
U
E
N
C
Y

c n>
 

_.
 

en
 

ro
 

i i 0
 

is
o
 

O
 

0

rt
- 

Z3
 

co

C
L 

O
 

tn
 

0
 

°

T
) m
 

^
DO

2
 
|
 

8 en
 

o C
O o
 

o C
O o
 

o en 8 ^
v
l

o
 

o o
 

o
 

o

tn
 

o
 

en
 

o
 

tn

i 
i 

i 
i 

1 15

f  
 
 
 
 1  
 
 
 i 

i 
i 

v

to
 

o

PE
RC

EN
T 

F
R
E
Q
U
E
N
C
Y



P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

-n C
O -s n> i i 0 o 3 ri
-
 
 i.

C
. n> a.

(/
)

r* < m

en
 

~D
 

13 ^

Z ^-
j

en fO G
O 01 - o en fO o G
O o -
v

j

o

O
O

 
(£

) 
_
. 

N
J 

G
O

 
*»

 
O

 
O

--
- 

, 
, 

, 
. 

f 
T

_

1 
1 

\
\
\
 

1 
1

P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

-< CD O
 

co
m
 
o

13 13

en
 
o O
 
O C
O
 

O o

§ 
§



P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y

to c
 

-s i i o
 

o c O
)

Q
.

c CD H
 

O ~o ~D

o
 

o

tt
l

P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y

x
 

O

§
 

o

1



P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

P
E
R
C
E
N
T
 
F
R
E
Q
U
E
N
C
Y

C
D
 
O

-*
 

N
J
 

U
J
 

-f
*

0
0 o

o
 
o

T
l

 
 1.

 
lO C -J n> IN

3 
1 1 O o 2J r
t

2J
 

C n> cx

V
D

 
>»

J

If
.

co
 

o
 

o en
 

o
 

o

N 7L
 

3
 

0
 

°

~D
 

o

i 
§ en

 
o 0 rj 0
 

0 o co
 

o
 

o
 

o CJ
1 o 0 o

. .
 , 

Tl
 , 

.

IT

I 
I 

V)
 

i 
i 

I
C
O o o 01
 

o
 
o o o

iv



86

PERCENT FREQUENCY
CO
oo 

o

ro
i
i
o 
o

C 
fD
CX

NJ 
O

00 
O

O 
O

on 
o

m g 
^ o
poo
__ o T3 o

o 
o
o

 -u



P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y
P

E
R

C
E

N
T

 
F

R
E

Q
U

E
N

C
Y

c -s
<

 
C

Z
 
-h

 
fD

Cu
 

<-
t- 

~5

c~
 

;3
* 

o
 

  
i  

fD
 

  
rt

- 
1

to
 

-i
. 

i
o

 
m

O
 
3

 
-J

-
cu

 
to

 
-*

to
 

O
 

r+
 

:T
 

-+
> 

O
fD

 
lO

C
X

 
to

 
-j
 

-»
r+

 
Cu

 
in

 
 ' 

-s
 

3
-»

  
fD

 
3

 
Cu

 
O

fD
 

3
 

-t
, 

N
J

C
X

 
to

 
to

-»
. 

fD
 

fD

^.
 5

: 
^
 

CD
 

oj
ex

 3
 o

 
rn

n>
 

n>
 

r+
 

3
)

00
 

3
 

fD
 

_<
 

r"t
~ 

C
X

Cu
 

00
 

{~
 
^

1
 

J_
,
2

 
^

Q
j 

r
*
 

r*
v 

**
C

 
,

»
- 

* 
k
  

\ 
1 

^
Y

 
>

^J

 
 ' 

tO
 

fD
o

 
rr

c:
 

cu
 

fD
 

~o
00

 
~5

 
 
 ' 

ID
 
 

0
3
3
 

<£
 
°

O
 

O
 

fD
3
 

a
 

zj
O

 
3

 
r-

l- 
_^

fD
 

r~
t- 

to
 

01
 

~^
i 

Cu
 

<
-f

 
_
..
 

_
i.

Cu
 

to
 

K
)

r~
»-

 
r~

t 
O

O
 

3
 

fD
3

 
C

X
to

 
 
 ' 

O
J

D
J 

fD
 

°
-h

 
C

X
 

00
-5

 
C

_i
. 

to

c
r 

- 
  

CD
0
- 

Z
J 

3

 
 » 

 
   

K
>

 
N

) 
tD

 
C

en
 

o
 

en
 

o
 

<n
 

o
 

c
I 

I 
i 

i 
I 

vX
 

i

_^
  1 1 1 1 I 1
 

A 
l 

\ 
^ 

-^
 

i

<.L
J 

cu
 

CO
-i
 

-s
 
o

O
 

ro
c 

QJ
 
t

73
 

0
0
 

3
IX

 
1

8

CD > ID

§ 
§

o
 

o



P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y

o o

~n c
 

-s
 

ro
T

~

co i o
 

O
 

en

r
f ro
 

O
°-

 
O

 
"O

 
_
 

~O
 

o
m 3D -o

 
5

T
)

o C
O o en o o

en
 

o
 

en
 

o
 

en
 

O
^
O

 
c

I
I
 

1 
1 

" 
1 

1 
^
l 

'

_
L i 

i 
I 

i 
i 

i 
»
 

i
V

k

DO  I
 

rv
i

i 
°

P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y
C

D o
o
 

o

\v



P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y

c -s I n
 

o c fD a
.

S2
 

S

m
 

0
ID

 
<,

CO o
o
 

o

P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y
<£

> 
O

8

s o r- 00 O m 2
 

C
 

^ T
)

~D S

2 r CJ
1

^j o CJ
1

N
J 

O C
O o

, 
T

 , 
.

1 
1 

\N
 

1 
1 

1



P
E

R
C

E
N

T
 

F
R

E
Q

U
E

N
C

Y

c.
 

-i
 

n> C
O i i o
 

o

o ~
r

c
 

ft)
 

ex

m
 

P T
) 

T
)

o
 

o o
 

o



o
z
UJ

a
UJ
cc
LL

h- 
Z
UJ
O 
CC 
UJ 
Q.

100

90

10 20 30 50

TIN, PPM

> 
o
z
UJ

O
UJ 
QC 
LL

h-

UJ
U
QC 
LU 
Q_

O

o

N L 200 300 500 700

ZINC, PPM 

Figure 3--continued
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